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The present investigation has been undertaken with the object of tracing the nerves in their development from the condition in which previous embryologists have left them, to a point at which they may be fairly compared with the adult state.
Chick embryos, artificially incubated, have been used for the most part. By means of series of continuous sections, cut in different directions, the nerves have been traced from end to end in the different stages of development, from their first appearance up to the formation of trunks having an arrangement closely similar to that found in the adult. These sections have been compared with sections of mammalian embryos of different ages, with the result that the condition of development of the nerves has been found to be identical in both at periods in which the development of other parts and organs of the body is the same.
The methods adopted were in almost all cases the same. For hardening the Mammalian embryos, Kleinenberg's solution of picric acid was used; for the Chick embryos, a cold saturated solution of corrosive sublimate. A solution of borax carmine was the staining agent employed, prepared according to Balfour's directions. The sections were cut with a Jung's microtome, fitted with an ordinary razor.
The earliest stages in the development of the spinal nerves in the Chick have been described by Marshall. He has shown that they spring from the spinal cord as buds, of which the dorsal are the first to appear, arising from the summit of the cord. The more anterior of the dorsal roots arise from a " neural ridge," an elevation continued back from the hind brain. By the interstitial growth of the dorsal portion of the spinal cord these roots become separated, and their attachments to the cord more laterally placed. The ventral roots appear at a later date. Projecting outwards directly, they unite at an acute angle with the dorsal roots to form the mixed nerve. The spinal ganglion on the dorsal root is evident before the fusion of the two roots occurs ; it is formed by the proliferation of the cells of the bud which form the root. The spinal nerves are thus formed in pairs, which occupy the intervals between the muscle-plates.
Before tracing the further growth of the nerves from this point, it is necessary to describe the destination of the muscleplates and the mode of formation of the limbs, as in their onward development the nerves present differences according as they occur in relation to the limbs, or in the intervals between them.
I. FATE OF THE MUSCLE-PLATE.
The dorsal and .ventral roots of the nerves unite towards the end of the third day. But even before this time the limb buds have begun to appear (at sixty hours). The growth and differentiation of these buds, and the relations of the muscleplates in the different regions of the body, complicate the process of nerve development.
In a Chick embryo, at the age of three days, when transverse sections are made through the trunk between the limbs, the muscle-plate (m. p., fig. 1 ) is seen as an elongated column of cells lying directly beneath the epiblast, and separated from the spinal cord by the spinal ganglion (sp. g.) and roots of the nerve {N.). The lower end lies outside the angle (a.), between the somatopleure and splanchnopleure. The nerve-roots alternate with, and lie at a deeper level than, the muscle-plates. The muscle-plate itself consists of a double layer of cells, continuous at the ends, and separated from each other by a very evident line, the remains of the original cavity between the two strata. The outer layer, whose thickness is made up of several cells, consists of ovoid, spindle-shaped, or rounded cells, fitting closely together, and with their long axes directed from without inwards. They are sometimes multinucleated, and stain deeply with carmine. Round the ends of the muscleplate they merge with the cells of the inner layer. The inner layer of cells has different characters. As seen in longitudinal sections, it is composed of spindle-shaped cells, which lie close together with their long axes directed from before backwards.
Several of these cells occur in one somite in a line from front to back. In other words, the fibres are shorter than the thickness of the somite. In transverse sections the fibres appear rounded with large nuclei, and are more separated from one another. The cells at the upper and lower ends of the muscle-plate stain most deeply.
The bud which gives rise to the fore limb has at this date attained considerable size. It projects almost directly outwards from the side of the trunk ( fig. 2) , growing partly from the mesoblast above the angle between somatopleure and splanchnopleure, and partly from the somatopleure itself. It consists of a mass of mesoblastic cells, densely packed together, especially at the surface and distal end. Towards the origin of the limb the cells become more scattered. This mass of mesoblast is covered by a layer of epiblast, which presents two thickenings where the cells are in most active growth, one forming a cap covering the pointed outer end, the other forming a ring round the root of the limb, and appearing in transverse sections as thickenings above and below the root of the limb. The mesoblastic cells are entirely undifferentiated as yet; they are rounded, and stain deeply. Embryonic blood spaces are found here and there. The position of the muscle-plate is different from what has been described in the region between the limbs. By the growth of the limb bud it has become separated from the somato-splanchnopleuric angle (a.). Its lower end reaches to about the centre of the upper half of the base of the limb, that part which is continuous with the intermediate cell mass. Moreover, the plate does not lie external to the angle of the body cavity : otherwise it has the same relative position as in the dorsal region to the parts which constitute the trunk at this period. Histologically, also, it has very similar characters. The differences are seen in the centre of the plate. The inner stratum of longitudinally arranged spindle-celJs is thicker. It stains badly, and the nuclei of the fibres are large and well defined. The outer layer is thinner in the centre, becoming thicker when traced towards the end of the plate. The cells of this layer stain deeply. They are scattered in the centre, becoming more closely packed at each end.
In Chick embryos at three days six hours ( fig. 3 ), in the dorsal region the muscle-plate (m. p.) has extended a short distance down the body wall in the somatopleure. The central portion of the plate is thicker, owing to an accumulation of the longitudinal fibres of the inner layer. The cells of the outer stratum are still more separated in the centre, and do not stain so deeply. The layer as a whole is thinner. The ends of the plate still present the primitive condition of the cells, which are angular, packed close together, and stained deeply. In the region of the fore limb at this date ( fig. 4 ) the muscle-plate (m.p.) has the same characters; but its position is different. Its lower end reaches no farther than midway between the dorsal attachment of the limb to the trunk, and the somato-splanchnopleuric angle.
Twelve hours later (at three days eighteen hours) these changes are seen to be more pronounced. In the dorsal region ( fig. 5 ), owing partly to the increase in vertical extent of the embryo, the muscle-plate (m.p.) has become elongated, and at the same time thinned out. There is no distinct trace of an outer layer to be found, except at the ends of the plate. Here the cells retain their primitive character, and stain deeply. The rest of the plate consists entirely of longitudinally arranged fusiform cells. The muscle-plate has a peculiar bend, passing almost vertically downwards towards the body cavity, and then suddenly sweeping outwards to enter the body wall. Its lower end has passed still farther down the somatopleure, lying close to the inner side. In the fore-limb at this date ( fig. 6 ) the muscle-plate retains its original position. It does not extend outwards farther than the somato-splanchnopleuric angle. Its histological characters are the same as in the dorsal region. The limb bud itself has increased in size, and is now directed downwards. The cells which compose it are still undifferentiated.
In embryos at four days, in the regions of the trunk between the limbs ( fig. 7) In embryos at four days twelve hours, in the trunk between the limbs, the muscle-plate ( fig. 11 , m.p.) has passed half way down the body wall, lying close outside the cavity. It now consists almost entirely of elongated spindle-cells. In the regions of the limbs further changes are taking place, but in which the muscle-plate takes no part. It remains within the body cavity, and ends below at the same limit as before (fig. 12, m.p.) . Structurally it is the same. In the limb buds themselves the first changes occur at this date, in the formative blastema, which result in the production of the muscular and osseous systems. The nerve plexuses, as we shall see below, have been produced; and the resulting trunks have passed into the limb, in two groups, one dorsal (d.) the other ventral (v.). Between, above, and below the nerves, the mesoblastic cells are taking on a characteristic arrangement. The cells immediately above and below each trunk (1, 2) are more closely packed together, forming thick layers, each several cells deep. They are histologically the same as before. In the centre of the limb bud (3), between the nerve trunks, the cells are now arranged in a concentric and symmetrical fashion, and are separated from one another by a small amount of intercellular substance. Towards the dorsal and ventral surfaces of the limbs the cells are more scattered, so that the central portion of the limb in transverse sections appears darker than the superficial parts. At the free end of the limb (4) there is still no differentiation of tissue elements. The cells here form a simple mass, without any distinction into layers or groups.
In a five days' 1 embryo the condition of the muscle-plate in the region between the limbs ( fig. 13 , m. p.) is much the same as at the last-mentioned period. It shows still further extension in a ventral direction down the body wall. In the same embryo, in the regions of the limbs the muscle-plate (fig. 14, m.p.) has clearly no connection with the muscular system of the limb itself. It consists now of elongated fibres, forming, in transverse sections, a column lying just outside the spinal cord and nerves, and separated from the surface of the body and from the limbs by a considerable thickness of ordinary blastema. The several tissues of the limb are formed from mesoblastic elements, developed in situ. A central core of cellular cartilage (3) is very evident at this date. The cells are arranged regularly in a concentric manner in transverse sections; in transverse rows in longitudinal sections. This cartilaginous cylinder is found in longitudinal sections to be broken up into segments, corresponding to the skeletal elements of the limb. The intercellular substance between the cells has largely increased in amount. At the periphery of this central mass the cells gradually become changed in character, being more deeply stained in mass, and individually becoming oatshaped or fusiform. The long axes of the cells are directed from within outwards. Two layers of cells thus appear, one above, the other below the cartilaginous bar. The cartilage, however, is not yet distinctly marked off, but is connected to these groups of cells by a definite and still more deeply-stained (perichondrial) layer. The nerves to the limbs derived from the plexuses have a very definite relation to these central groups of cells, which are enclosed within the nervetrunks. The dorsal nerves pass over, and the ventral trunks beneath, this central area. Above and below the nerves two other more distinct groups of ovoid cells (1 and 2) are now apparent, collected each into more or less separate subsidiary bundles, and easily distinguished from the surrounding undifferentiated mesoblast by their shape, and by the fact that, being closely packed together, they stain more deeply en masse. The four simple, unsegmented strata of ovoid cellsof which two are dorsal, and lie above and below the dorsal branches of the nerves; two ventral, and having a similar relation to the ventral trunks-are evidently the precursors of the muscular elements of the limbs. They are quite distinct from the muscle-plates, and are separated from them by a large quantity of undifferentiated mesoblast. The blood-vessels of the limb have now attained a large size, and are regular in their arrangement. One large artery (art.) passes down the centre of the limb on its ventral aspect, lying among the nerves, and accompanied by a vein (V.).
It is unnecessary to follow the muscle-plate further. It has been shown that while it grows into the body wall between the limbs, and forms the basis of the longitudinal muscles of the trunk ; in the region of the limbs, it remains in its primitive position and has no share in the formation of the limb-muscles. It is merely concerned here in forming the longitudinal muscles of the back. In the limbs themselves the muscles are produced by the further differentiation of the four dorsal and ventral strata, which have been described as appearing from the mesoblast-cells, at first undifferentiated, and forming the original limb bud. In Chick embryos at six days, these strata of ovoid cells have become more fusiform, and are collected into more definite and separate systems. Two days later the muscles throughout the body are seen distinctly.
II. DEVELOPMENT OF THE SPINAL NERVES AND LIMB
PLEXUSES.
The later development of. the spinal nerves naturally divides itself into two parts: firstly, in relation to the limbs; and secondly, in the trunk between the limbs. In essential points the processes are the same in all regions of the body. The formation of the limbs, however, and the peculiarities in the position of the muscle-plates give rise to certain differentiations in the arrangement of the nerves in those regions.
In Chick embryos at three days (figs. 1 and 2), both in the trunk between the limbs and in the regions where the limbs are being formed, the nerves have reached the same stage of development. The nerve-roots, which lie within and alternate with the muscle-plate, have joined together. From their fusion a slender, finger-like process of cells results (N.), which represents the commencing nerve-trunk. The dorsal root is oval in transverse section, the ganglion, which is very large, forming nearly the whole of it. The nerves and their roots consist of large ovoid cells, containing often two or three nuclei, the long axes of the cells being directed outwards from the cord. They stain more deeply than the mesoblast cells in which they lie, and are surrounded by a slight amount of feebly-stained intercellular substance.
Six hours later (at three days six hours), the slender stalk (N., figs. 3 and 4), retaining the same position within the muscle plate, has grown downwards and outwards as far as the somato-splanchnopleuric angle (a). It has the same relative position in the trunk and in the regions of the limbs, passing between the muscle-plate and cardinal vein (c.v.) . But, owing to the difference of growth of the muscle-plates in the two regions, it has reached its lower end in the regions of the limbs (fig. 4) ; while in the trunk, the muscle-plate, having by this time entered the body wall ( fig. 3) , extends farther than the nerve.
This description corresponds with the condition of develop ment of the spinal nerves and muscle-plates in the Rabbit embryo of seven or eight days. Both histologically and morphologically the nerves have reached the same state of development.
In Chick embryos of three days eighteen hours there is not much difference in the relative amount of the growth of the nerves. The whole embryo has, however, increased in size. In the trunk (fig. 5 ) the nerves cannot yet be traced into the body wall. In the region of the limbs (N., fig. 6 ) they have passed out beyond the lower end of the muscle-plate and beyond the angle of the body cavity. The marked change, however, at this date is in the histological structure of the nerves. The spinal ganglia are well-formed ovoid masses, composed of large ovoid cells with two nuclei, the cells having a general arrangement in vertical rows. The cells forming the nerve-trunks have become elongated, fusiform, with fibrillar processes at each end. The body of the cell does not stain well; the nucleus, large, oval, and with several nucleoli, lies in the centre of the cell, and stains deeply ; the distal ends of the nerves in the regions of the limbs present a ragged appearance, due to the protrusion and separation of these spindle-shaped cells iuto the mesoblastic tissue.
• At four days the histological change is more marked. The cells forming the nerve-trunks have become more fibrous, the nuclei are less numerous, and the trunks stain yellow en masse. Both between the limbs and in relation to the limb buds the growth of the nerves has continued. In relation to the limbs (iV., fig. 8 ), the nerves sweep round between the lower ends of the muscle-plates and the body cavity, and, reaching the base of the limb, spread out, and then divide into a sheaf of branches, which diverge in the formative blastema of the limb. In the trunk between the limbs the nerves (JV., fig. 7 ) Lave extended a great way down the body wall, lying between the muscle-plate and the body cavity, but not reaching as far as the lower end of the plate. They divide, as in the limb, into branching processes, some of which pass directly outwards into the muscle-plate and divide again; some pass on, lying within the muscle-plate.
It is at this period that I have first been able to make out satisfactorily the existence of the trunk passing to join the sympathetic. A slender cord arises from the spinal nerve midway between the junction of the roots and the distal end. It courses inwards at right angles to the main trunk, and is soon lost. Now also the formation of the superior primary division of the nerve is first seen distinctly. It is constructed in the same way in mammals, and is seen still more clearly in Rat embryos at fifteen to seventeen days ( fig. 16 ). Each root of the nerves divides into two unequal branches-the dorsal root beyond the ganglion, the ventral root directly. Of these branches the smaller is superior, the larger inferior in both cases. The larger branches unite to form the main trunk of the nerve, or the inferior primary division; the smaller branches combine to form the superior primary division. This is directed upwards and outwards, and subdivides as it passes towards the surface.
In Chicks at four days six hours, the condition of the nerves in the trunk between the limbs is slightly more advanced, but presents no change of any note. In the regions of the limbs, however, the plexuses are now formed. In transverse sections through the embryo, the nerves are found, on entering the limbs, to divide into two fairly well-defined strands, separated by a central mass of mesoblast, which is in active growth, and preparing to form the cartilaginous basis of the limb. The nerves, in fact, spread out around this central core, and arrange themselves into two sets, one dorsal the other ventral. These dorsal and ventral branches of the nerves only pass a short distance into the limbs, and are not so well defined as in em bryos a few hours older. But even now the process of plexus formation may be seen.
When longitudinal vertical (sagittal) sections are made continuously through the body, it is seen that the nerves to the limbs, besides forming the dorsal and ventral branches above mentioned, unite with adjacent nerves at the root of the limb to form a well-defined plexus. In the Fowl three main trunks form the brachial plexus, 1 -the first thoracic and the last two cervical nerves, with in addition a small branch from the more anterior cervical nerve. When sagittal sections are made, the limbs being divided transversely at their roots ( fig. 9, a) , the axillary artery (art.) and vein (v.), with the three main nerves (N., 1, 2, 3), are divided just outside the body cavity (JB. C), and as they lie in the body wall (B. W.), before their entrance ' Macartney, Art, "Birds," 'Itees's Cyclopaedia,'
A. M. PATBBSON.
into the limb bud, and below the terminations of the muscleplates. In successive sections, from within outwards, these nerves can be traced to their terminations in the limbs. They first spread out, and approach one another, as described; in doing so they unite with adjacent nerves, so that the next step in the proceedings ( fig. 9, b) is the formation of a plexiform mass of nerve-tissue (plex.), which encircles the artery. At the same time that this plexus formation occurs the division into dorsal and ventral branches is beginning. In the figure the axillary artery in the centre, with a group of mesoblast cells running up and down from it, shows the commencing separation of the mass into these two portions. In sections made a little farther outwards, the plexus gradually separates completely ( fig. 9 , c) into a dorsal and a ventral mass {d. and v.), each consisting of a broad, flattened band, separated by the artery and some mesoblastic cells. Still farther out, just before the limb is completely separated from the trunk, ( fig. 9, d ), the nerves appear as two distinct cords (d. and v.) . These gradually divide, become attenuated, and disappear as they are traced towards the distal portion of the limb. Exactly the same process occurs in relation to the nerves of the hind limb. When oblique longitudinal sections are made at this date, so as to cut through the length of the nerves ( fig. 10 ), they are seen to spread out and divide laterally, so as to unite with similar branches (dorsal or ventral) of adjacent nerves, to form the plexus at the root of the limb. As already stated, there is no trace whatever at this date of either cartilage or muscle in the limb, which consists entirely of undifferentiated blastema.
In embryos, four days twelve hours old, the nerves have reached a more advanced stage of development. In the trunk between the limbs (fig. 11, N. ) the nerve, which twelve hours earlier divided into a sheaf of branches in the body wall, now splits into two well-defined and unequal branches at a point just beyond the somato-splanchnopleuric angle. The larger branch continues the direction of the main nerve, and can be traced for some little distance between the muscle-plate and body cavity. The smaller nerve represents the lateral branch of the adult, and is directed downwards and outwards through the muscle-plate, on the outer side of which it divides and is finally Io3t. The cord to the sympathetic nerve can be followed farther than before; but I have been unable to trace its connections with the roots and trunk of the spinal nerves.
In the limbs the early changes occurring in the blastema, which lead to the production of the osseous and muscular systems, have already been described. The nerves are of large size, and can be traced more than halfway through the limb towards the distal end. At the root of the limb the main trunk ( fig. 12 , N.~) can be seen in transverse sections to divide into two well-defined trunks, which are clearly homologous with the terminal branches of the nerve in the region of the trunk at this date ( fig. 11 ). These two large nerves are respectively dorsal (d) and ventral (v) ; and enclose between them the densest portion of the blastema (3). This enclosed portion has already been described as consisting of three parts -a central part, which is going to form cartilage, and a dorsal and ventral part, the elements of muscular tissue. On the dorsal surface of the dorsal nerve, and on the ventral surface of the ventral nerve, are other layers of mesoblast cells (1 and 2) undergoing division preparatory to the production of muscles. In longitudinal sections the three main nerves supplying the fore limb can be traced as before in successive sections, each dividing into dorsal and ventral branches; and these again uniting with adjacent nerves to form two flattened bands, which pass to the dorsal and ventral surfaces of the limb.
The nerve-trunks are almost entirely fibrous now, with rows of deeply-stained nuclei arranged alone and among the wavy fibres. These are evidently the connective-tissue elements of the nerve-trunks. Towards their terminations the fibres are fewer and the fusiform nerve-cells more abundant.
In Rat embryos, between twelve and fourteen days old, exactly the same condition of development of the nerves is found as in the Chick at four days twelve hours. The state of development of the body generally is the same, the limbs exist as buds projecting downwards and outwards from the trunk, and composed, for the most part, of undifferentiated blastema. In the centre of this the cells are more closely massed together than at the periphery, and are being arranged concentrically to form the cartilaginous basis of the limb. Bach of the roots of the nerve divides into upper and lower branches, which respectively unite; the upper branches to form the superior primary division, the lower to form the inferior primary division of the nerve. The latter is the main trunk. Passing downwards and outwards below the muscle-plates, it reaches the base of the limb where it divides into two branches, one dorsal the other ventral, with regard to the cartilaginous core. These branches can be followed through the limb, actually as far as the epiblastic surfaces and almost to the distal end. In minute structure the trunks very much resemble the nerves in the Chick, the chief difference being that the fusiform cell elements are more evident throughout.
In Chick embryos, at five days, the changes in the nerves between the limbs are not marked ( fig. 13, N.) . The lateral and inferior branches are well denned, and the whole nerve has passed farther down the body wall. From this time onwards these trunk nerves present no marked differences in morphological arrangement from what is found in the adult.
In the regions of the limbs at this date, as already described, the cartilaginous basis and muscular elements have begun to make their appearance. The nerves themselves occupy a position with regard to these elements which is highly characteristic. The dorsal and ventral trunks ( fig. 14, d. and v. ) are each covered above and below by masses of specialised, oatshaped cells, which represent the layers of dorsal and ventral muscles. These double dorsal and ventral muscular layers are also separated by the cartilaginous framework of the limb. The nerves themselves stain yellow; consist of extremely wavy fibres, and present no distinct nuclei. Deeply-stained connective-tissue corpuscles lie among the fibres.
At five days twelve hours the process of muscle and cartilage formation in the limbs is more advanced. The appearance of the nerves in transverse section is much the same as before. In successive longitudinal (sagittal) sections ( fig. 15 ) the nerves can be seen at the root of the fore limb, undergoing division and union in the brachial plexus in the same way as, but more definitely than in younger embryos (four days six hours, fig. 9 ). The three main trunks are seen first ( fig. 15, a,  N. } 1, 2, 3) in company with the axillary artery and vein. They then divide, in successive sections (figs. 15, b-15, e), into dorsal (d.) and ventral (v.) branches. The dorsal branches unite with dorsal branches, the ventral branches witli ventral branches, to form the nerves of distribution to the limbs. The plexusformation is now complete, and from this time onwards there is no change in the e s s e n t i a l s of its formation, which tally with the condition of the adult brachial plexus. It is to be borne in mind that, though the plexus is completely formed, yet the muscular elements are in a simple condition. Muscles are not formed in anything approaching the complexity of the adult limbs sooner than the ninth day.
III. CONCLUSIONS.
1. On the fate of the muscle-plate and development of the muscles of the limbs.
In Elasmobranchs the muscles of the limbs are formed by the muscle-plates which grow down, and as they pass the roots of the limbs give off small buds, which become separated off and form the starting point of the muscle formation in the limbs.
1 In higher Vertebrates, while it has been held probable with the production of the limb muscles. These are formed by the differentiation of the mesoblastic cells forming the primitive limb buds. These cells form, in the first place, a central cartilaginous bar, above and below which, in the second place, are developed a double dorsal and a double ventral layer of simple muscle, which later on becomes more complex in its arrangement and forms the muscles of the adult. In the region of the trunk, between the limbs, a different disposition of the muscle-plates occurs. They grow down in the body wall and eventually become converted into the longitudinal muscles of the trunk. They do not, however, appear to assist in the formation of the sub-vertebral (hyposkeletal) muscles.
In both regions the growth and differentiation of the parts of the muscle-plates are alike. The outer layer disappears gradually; the inner layer of the plate being converted into the longitudinal fibres. The disappearance of the outer layer is possibly due to the conversion of the cells into longitudinal fibres, which merge with those of the inner layer; but this is not certain. In Elasmobranchs each fusiform cell extends from end to end of the muscle-plate.
1
In birds and mammals this is not so. Each fibre is considerably shorter than the breadth of the somite.
The chief point of interest here is in connection with the development of the limb muscles. They first appear as double layers of dorsal and ventral cells, which layers are simple, without segmentation, and derived from the mesoblast cells of the primitive limb bud. In Elasmobranchs 3 this stage in the development of the limb muscles is a secondary one, and is preceded by events which are omitted in higher Vertebrates. The process of evolution of the limbs in birds and mammals is therefore shortened. In Elasmobranchs a downward growth and a cutting off of part of certain muscle-plates occurs; the portions cut off undergo further growth, passing into the limb bud, fusing together, and becoming differentiated into dorsal 1 Balfour, ' Comparative Embryology, ' p. 652. 3 Balfour, 'Monograph on Elasmobranohs.' and ventral strata. In birds and mammals the same end is reached without these preliminary steps, and without the intervention of the muscle-plates. The definite relations which these simple muscular layers bear to the nerves of the limbs, throw light on the evolution of the limb plexuses. Each nerve, passing into a particular region of the limb bud, divides into dorsal and ventral branches, to supply the dorsal and ventral surfaces respectively of that particular portion. As the mesoblast forming the limb bud becomes more differentiated so as to give rise to the muscular layers, the portions opposite to, and originally derived from, the same somites as the nerves become fused, forming simple muscular layers in the first place. The nerves therefore fuse together; the dorsal branches forming a dorsal band, and the ventral branches a ventral band, which pass out, and are finally lost in these simple muscular layers. 2. On the growth and development of the spinal nerves.
It is difficult to demonstrate clearly, but it is next to impossible to deny, that the spinal nerves are developed from epiblast throughout their whole length. From the numerous sections which I have examined at different periods of growth, I have traced the spinal nerves, not only the nerve-roots, but also the trunks and the plexuses, as a centrifugal growth from the spinal cord. The growth of the nerves is both interstitial and terminal. Consisting at first merely of rounded cells, in an active state of proliferation ; in older embryos these become first ovoid and then fusiform, at the same time being less deeply stained with borax carmine. These fusiform cells, by the alteration of their protoplasm, become converted into nerve-fibres. Moreover, while this interstitial growth goes on, the trunk of the nerve is elongated by means of proliferation of the cells at the periphery, which retain a primitive character longer than those in the more proximal portion of the trunk. For example, when the cells are fusiform in the nerve near the cord, they are oatshaped at the distal end; when they are fusiform at the distal end of the nerve, they are fibrous in the proximal part of the trunk.
3. On the homologies of the spinal nerves. Their development shows that the nerves which form the limb plexuses are homologous with the whole nerves in the regions between the limbs, where their arrangement is simplest, and not merely with the lateral branch, as Goodsir supposed.
The nerves in both regions first spread out into a ragged bundle. These bundles at a later period arrange themselves into two well-defined cords, the division from the main trunk having the same relative position in both. In the regions between the limbs these trunks represent the lateral and inferior branches; in the regions of the limbs they are dorsal and ventral in position.
4. On the development of the limb plexuses. I have elsewhere shown 3 that in mammals, and as far as I have been able to make out, the same holds good for birds also, the limb plexus are formed on a definite plan, which is essentially the same in all the animals examined, and in relation to both fore and hind limbs. The nerves which form the plexus divide, in the first place, into dorsal and ventral branches. These divisions subdivide, and the secondary cords, whether dorsal or ventral, combine with the cords formed by the division of adjacent (dorsal or ventral) trunks to form the nerves of distribution. Any given nerve to the limb may be derived from any number of the spinal nerves constituting the plexus, but it is always formed by a combination of either dorsal or ventral nerves.
This mode of arrangement of the nerves in the plexuses is to be explained by a reference to their embryology, and the mode of development of the different parts of the limbs. The plexus formation is complete, and the nerves of distribution are formed in the embryonic limb long before the appearance of muscles. In the development of the nerves in the limbs the 1 ' Edinburgh New Philosophical Journal/ New Series, vol. v, Jan., 1857; 'Anatomical Memoirs/ vol. 2, p. 201, 1868. a Graduation Thesis, Univ. Edin., 1886, 'On the Spiual Nervous System in Mammalia;' "The Limb Plexuses of Mammals," 'Journal of Anatomy and Physiology/ vol. xxi, 1887, p. 611. following steps occur. The primitive nerve, in the first place, grows out beyond the lower end of the muscle-plate, and reaches the root of the limb. It there, secondly, spreads out into an irregular series of processes, which pass into the undifferentiated tissue of the limb. Thirdly, these branches at a later date arrange themselves in two trunks, one dorsal, the other ventral, which extend still farther into the limb and enclose between them a mass of blastema, from which the cartilaginous basis of the limb is formed. Fourthly, the dorsal and ventral trunks fuse with adjacent dorsal and ventral trunks to form two broad flat bands, from which, still later, the individual nerves as found in the adult are produced.
The development of the muscular system of the limb, occurring after the formation of the nerves, corresponds with it exactly. The muscles appeal first as simple double dorsal and ventral layers, among which the nerves pass as dorsal and ventral bands, formed by the fusion of adjacent dorsal or ventral divisions of the nerves of origin. As these muscular strata lose their simplicity and take on the complex arrangement of the adult, the nerves at the same time become more and more subdivided, until in the adult the primitive characters of both are considerably masked.
Still, in the adult mammal, it is evident that the more preaxial nerves in the series supply the more preaxial portions, the postaxial nerves the postaxial portions of the limb, 1 and the combinations of dorsal divisions and ventral divisions of the nerves are distributed to those muscular and cutaneous areas which are derived respectively from the primitive dorsal and ventral surfaces of the embryonic limb bud.
2
In conclusion, I wish to express my deep indebtedness to Professor Milnes Marshall, of Manchester, for much advice and encouragement during the prosecution of the above researches, and for his kind assistance in the preparation of the present memoir.
1 Herringham, "On the Human Brachial Plexus," 'Proc. Hoy. Soc,,' Jan., 1887.
5 ' Journal of Anatomy and Physiology,' vol. xxi, July, 1887.
